A new microwave tube design, suitable for application in microwave ovens, is described. It is a development of the basic planar magnetron in which the cathode and anode are two annuli and the magnetic field is radial. Potential advantages over existing designs are: higher power density, higher efficiency, easier tuning, the probability of reduced harmonics, and lower manufacturing costs.
The work reported here was directed towards reducing the cost of the magnetron power source which is a major item in the cost of microwave ovens. Most similar exercises (e.g. Hisada et a1 1971, Fukatsu et a1 1979) have been concerned with modifications to the long-established cylindrical cavity magnetron design. The following account describes a radically new design (British Patent Application No 8314167) that should result in a microwave tube having twice the power density of existing magnetrons, a significantly higher efficiency, easier tuning, the probability of reduced harmonics, and lower manufacturing costs.
The new design is a third development of the basic planar magnetron, schematically drawn in figure l(a). In this basic system, electrons are emitted from a cathode in the xz plane and are accelerated by an electric field E , in the y direction, towards the anode. The electron trajectory becomes cycloidal by the presence of a magnetic field B in the z direction, which generates a force uB in the x direction, U being they velocity.
In the conventional cavity magnetron, a planar system is wrapped around an axis in the z direction, to become a re-entrant cylindrical system. In a second development, proposed by Buneman (1950) , the planar system is wrapped around an x axis below the cathode plane. The B-field then becomes circular (about thex axis) and can be produced by cathode current in the x direction. If this new configuration is then wrapped around either a y or z axis, Buneman's toroidal magnetron results. A serious difficulty with this arrangement is that a cathode current of more than 1000 A is required in order to produce an adequate magnetic field-a condition perhaps acceptable for pulsed operation but not for continuous operation in a microwave oven.
The third possible development, wrapping around an axis in the y direction, does not seem to have been proposed elsewhere. It is shown schematically in figure l(b), in which the cathode and anode are now two annuli, still separated by a gap d . The magnetic field has now become radial. plastic anode block with copper-plated cavities. It is logical to make such a tube double-ended, since the production of the radial field requires the presence of two magnets with north (or south) poles facing each other. With electron emission from both faces of the cathode, the double-ended magnetron is completed by the inclusion of two end anodes with radial cavity gaps.
This double-ended construction means that the new magnetron can generate twice the power that would be obtainable from a conventional tube of the same volume.
The new tube is essentially a planar magnetron and thus has a significantly higher efficiency than a cylindrical magnetron. This arises from the fact that magnetron efficiency is an increasing monotonic function of the ratio V,/V,, where V, is the DC anode cut-off coltage and V , is the threshold anode voltage at which RF oscillation begins (V, < V,), It can be shown that (Vc/Vt)planar ' (Vc/Vt)cyI for magnetrons having the same anode voltage, magnetic field and anode-cathode spacing, and that the increase in efficiency will be of the order of 10%.
In the cylindrical magnetron, mechanical tuning by varying the radial length of the cavities is virtually ruled out by the complicated mechanism that would be required for simultaneous adjustment of all the cavities. However, the arrangement of the cavities in the radial B-field magnetron lends itself to much easier simultaneous variation of the (axial) cavity lengths, and thus could be a worthwhile advantage.
An additional feature of the new tube would be a new form of strapping of the anode segments. In the conventional magnetron, unwanted oscillatory modes are displaced, and the desired n mode sustained, by interconnecting alternate anode segments with copper links or straps. However, in the nmode, the W field at the anode comprises two counter-rotating fields at the fundamental frequency, and interaction of the backward wave with the rotating spoked electron cloud can produce odd harmonics in the anode circuits. A similar situation arises in single-phase AC machines, whose performance is greatly exceeded by three-phase machines, in which the armature windings are so connected that the backward wave is suppressed. By analogy, it is likely that 'threephase' strapping of a magnetron would suppress the backward wave and thus eliminate odd harmonics, thereby improving its performance. This would require the anode to be segmented into multiples of three (e.g. the common eight segments becoming nine) and every third segment linked. A practical advantage stemming from this artifice might be a reduction of the cost of the built-in filter circuit which is generally a significant part of the total magnetron cost. This particular feature can, of course, be also applied to conventional magnetrons.
A final, potential advantage of the double-ended construction is its ability to accommodate copper-plated plastic anode blocks. Apossible means of reducing manufacturing costs, such components are nevertheless excluded from use in cylindrical magnetrons because of the difficulty of dissipating the heat generated at the anode faces. In the double-ended tube, however, dissipation of the anode heat would be much less difficult to achieve.
It appears that this new magnetron configuration will have the same general operational characteristics as the conventional, cylindrical design, but confirmation of this must await more detailed studies. One difference that is clear from our preliminary studies, however, is the outward radial drift of the electrons as they travel in a roughly helical path from cathode to anode (corresponding to an axial drift in the conventional tube). This will require the anode annulus to have a greater mean diameter than the cathode, but initial calculations indicate that the necessary increase in anode diameter can be achieved without reducing the power-density advantage claimed above. The outward drift would then accommodate about two cycloidal convolutions in the path of an electron from cathode to anode, similar to the situation in a cylindrical magnetron. If necessary, the drift could be controlled by means of a negative outer ring electrode.
The modern (e.g. ferrite) permanent magnet, having a high coercivity and good remanence, makes the production of the radial field a reasonable proposition. Approximate field plots show it should be possible to locate the interaction space in a region having a substantially radial magnetic field. However, more accurate calculations will be necessary in the design of a practical tube.
